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AB The present invention relates to compns. and methods for assaying 

homocysteine (Hey) and thus related moieties, e.g., S-adenosylhomocysteine 
(SAH) or adenosine. More particularly, assay methods that employ, mutant 
SAH hydrolase having binding affinity for Hey, SAH or adenosine but has 
attenuated catalytic activity, are provided. The modified enzymes and 
fusion proteins contg. the modified enzymes are also provided. Pecific 
mutations include amino acid residue substitution (s) at catalytic site, 
its binding site for NAD+, NADH, Hey, SAH or adenosine, or a combination, 
such as R38E, C53S, L54G, T57G, T57S, E59D, N80G, S83G, YIOOT, K121A, 
D131E, D134E, E155G, T157G, T158Y, T159Y, N181D, N181A, D190A, N191A, 
L214A, Y221S, K226A, F235S, I240L, N248A, D263G, G269D, R285D, D292G, 
H301T, K309R, K322G, R329A, L347F, L347Y, L3471, M351A, H353R, S361G, 
F362S, Y379S, L386A, K388G, H398A, K401R, K401D, T407S, L409G, S420T, 
P424A, F425S, P427A, D428G, H429A, Y430T, R431K, R431G, Y432S, Y432A, and 
Y432F. 
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AUTHOR: 



CORPORATE SOURCE: 



SOURCE: 



COUNTRY: 
DOCUMENT TYPE: 
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LANGUAGE : 
SUMMARY LANGUAGE 
AB 



2002312136 EMBASE 

Catalytic mechanism of S-adenosylhomocysteine hydrolase. 
Site-directed mutagenesis of Asp- 130, Lys-185, Asp- 189, and 
Asn31-190. 

Takata Y.; Yamada T.; Huang Y.; Komoto J.; Gomi T.; Ogawa 
H.; Fujioka M.; Takusagawa F. 

F. Takusagawa, Dept. of Molecular Biosciences, 3004 Haworth 
Hall, University of Kansas, 1200 Sunnyside Ave., Lawrence, 
KS 66045-7534, United States, xraymain@ku.edu 
Journal of Biological Chemistry, (21 Jun 2002) 277/25 
(22670-22676) . 
Refs: 16 

ISSN: 0021-9258 CODEN: JBCHA3 
United States 
Journal; Article 
029 Clinical Biochemistry 
English 
English 

S-Adenosylhomocysteine hydrolase (AdoHcyase) catalyzes 
the hydrolysis of S-adenosylhomocysteine to form adenosine and 
homocysteine. On the bases of crystal structures of the wild type 
enzyme and the D244E mutated enzyme complexed with 

3 • -keto-adenosine (D244E . ovrhdot . Ado* ) , we have identified the important 
amino acid residues, Asp-130, Lys-185, Asp-189, and Asn-190, for the 
catalytic reaction and have proposed a catalytic mechanism (Komoto, J., 
Huang, Y., Gomi, T., Ogawa, H,, Takata, Y., Fujioka, M. , and Takusagawa, 
F. (2000) J. Biol. Chem. 275, 32147-32156). To confirm the proposed 
catalytic mechanism, we have made the D130N, K185N, D189N, and N190S 
mutated enzymes and measured the catalytic activities. The 
catalytic rates (k(cat)) of D130N, K185N, D189N, and N190S mutated 
enzymes are reduced to 0.7%, 0.5%, 0.1%, and 0.5%, respectively, in 
comparison with the wild type enzyme, indicating that Asp-130, Lys-185, 
Asp-189, and Asn-190 are involved in the catalytic reaction. K(m) values 
of the mutated enzymes are increased significantly, except for 
the N190S mutation, suggesting that Asp-130, Lys-185, and 
Asp-189 participate in the substrate binding. To interpret the kinetic 
data, the oxidation states of the bound NAD molecules of the wild type and 
mutated enzymes were measured during the catalytic reaction by 
monitoring the absorbance at 340 nm. The crystal structures of the WT and 
D244E.ovrhdot .Ado*, containing four subunits in the crystallographic 
asymmetric unit, were re- refined to have the same subunit structures. A 
detailed catalytic mechanism of AdoHcyase has been revealed based on the 
oxidation states of the bound NAD and the re-refined crystal structures of 
WT and D244E.ovrhdot.Ado*. Lys-185 and Asp-130 abstract hydrogen atoms 
from 3 • -OH and 4'-CH, respectively. Asp-189 removes a proton from Lys-185 
and produces the neutral N.zeta. (-NH(2)), and Asn-190 facilitates 
formation of the neutral Lys-185. His-54 and His-300 hold and polarize a 
water molecule, which nucleophilically attacks the C5 • - of 
3'-keto-4' ,5'-dehydroadenosine to produce 3'-keto-Ado. 
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CAPLUS COPYRIGHT 2004 ACS on STN DUPLICATE 3 
2002:409335 CAPLUS 
137:105654 

Contributions of Active Site Residues to the Partial 
and Overall Catalytic Activities of Human 
S-Adenosylhomocysteine Hydrolase 

Elrod, Philip; Zhang, Jinsong; Yang, Xiaoda; Yin, Dan; 
Hu, Yongbo; Borchardt, Ronald T.; Schowen, Richard L. 
Departments of Molecular Biosciences and 
Pharmaceutical Chemistry Simons Research Laboratories, 
The University of Kansas, Lawrence, KS, 66047, USA 
Biochemistry (2002), 41(25), 8134-8142 
CODEN: BICHAW; ISSN: 0006-2960 
American Chemical Society 
Journal 
English 

Residues glutamate 156 (E156) , aspartate 190 (D190) , 
(N181) , lysine 186 (K186), and asparagine 191 (N191) 
S-adenosylhomocysteine (AdoHcy) hydrolase have been 
mutated to alanine (A) . AdoHcy hydrolase achieves 

catalysis of AdoHcy hydrolysis to adenosine (Ado) and homocysteine 
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asparagine 181 
in the active site of 



(Hey) by means of a redox partial reaction (3'-oxidn. of AdoHcy at the 
beginning and 3'-redn. of Ado at the end of the catalytic cycle) spanning 
an elimination/addn. partial reaction (elimination of Hey from the 
oxidized substrate and addn. of water to generate the oxidized product), 
with the enzyme in an open NAD+ form in the ligand-free state and in a 
closed NADH form during the elimination/addn. partial reaction. Mutation 
K186A reduces the rate of a model enzymic reaction for the redox partial 
reaction by a factor of 280000 and the rate of a model reaction for the 
elimination/addn. partial reaction by a factor of 24000, consistent with a 
primary catalytic role in both partial reactions as a proton 
donor/acceptor at the 3 ' -OH/3 • -keto center. Secondary roles for NISI and 
N191 in localizing the flexible side chain of K186 in a catalytically 
effective position are supported by rate redn. factors for N181A of 2500 
(redox) and 240 (elimination/addn.) and for N191A of 730 (redox) and 340 
(elimination/addn.). A role of D190 in orienting the substrate for 
effective transition-state stabilization is consistent with rate redn. 
factors of 1300 (redox) and 30 (elimination/addn.) for D190A. Residue 
E156 may act to maintain K186 in the desired protonation state: rate 
deduction factors are 1100 (redox) and 70 (elimination/addn,). The 
mutational increases in free energy barriers for kcat/KM are described by 
a linear combination of the effects for the partial reactions with the 
coeffs. equal to the fractional degree that each partial reaction dets. 
the rate for kcat/KM. A similar linear equation for kcat overestimates 
the barrier increase by a uniform 5 kJ/mol, probably reflecting 
reactant-state stabilization by the wild-type enzyme that is abolished by 
the mutations, 
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AB S-Adenosylhomocysteine (AdoHcy) hydrolase catalyzes 

the conversion of AdoHcy to adenosine (Ado) and homocysteine 
(Hey) , as well as the reverse reaction, through a mechanism involving an 
NAD+- dependent oxidation of the 3 • -hydroxy 1 group of AdoHcy (3 ' -oxidative 
activity), followed by elimination of Hey to form 3 ' -keto-4 ' , 5 ' -didehydro- 
5 ' -deoxy-Ado. The addition of water at the 5 '-position (5 ' -hydrolytic 
activity) of this tightly bound intermediate, followed by an 
NADH- dependent reduction, results in the formation of Ado. Based on a 
computer graphics model of the active site of this enzyme, it was 
hypothesized that amino acid residues at the carboxyl- terminal end of the 
protein reside in the active site of the enzyme and could play a role in 
catalyzing the 5 ' -hydrolytic reaction (Yeh, J. C. , Borchardt, R. T., and 
Vedani, A. (1991) J. Comput . Aided Mol . Des. 5, 213-234). Using site- 
directed mutagenesis, we show here that lysine 426 is essential for the 
catalytic activity of the enzyme and that it appears to play a crucial 
role in the 5 ' -hydrolytic activity and/or stability of the quaternary 
structure of the human placental enzyme. Mutation of Lys-426 to 
arginine (K426R) produces a stable tetramerie enzyme that lacks overall 
catalytic activity and that was isolated predominantly as its NADH form 
containing tightly bound 3 '-keto- Ado, suggesting that the K426R mutant 
has oxidative activity, but lacks 5'- hydrolytic activity, preventing it 
from completing the entire catalytic cycle. Mutations of Lys-426 
to glutamic acid (K426E) and alanine (K426A) produce enzymes that exist 
primarily as monomers, do not bind NAD+ or NADH, and lack catalytic 
activity. The results of the Lys-426 mutations suggest that this 



lysine residue is crucial for the 5 ' -hydrolytic activity of the enzyme 
and/ or stabilizing the quaternary structure of the enzyme. 
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The invention provides novel methods relating to SAM detection and prodn. 
as well as a novel SAHH enzymic activity for use in such methods. Addnl . 
methods, compns., and kits relating to the novel SAHH are also provided. 
The invention provides an isolated and recombinant DNA encoding modified 
Trichomonas vaginalis SAHH. In another aspect, the SAHH gene is also 
modified to encode a modified HisoSAHH, which has an extra six histidines, 
in the N-terminal of the SAHH gene. In another aspect of the invention, 
the invention provides methods for the propagation and maintenance of the 
nucleic acids and their use in the expression of SAHH proteins. The 
methods may be used as part of a diagnostic protocol or as part of a 
therapeutic protocol to monitor the conditions or progress of the therapy. 
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Computational characterization of substrate binding and 
catalysis in S-adenosylhomocysteine hydrolase. 
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R.L.; Borchardt R.T. 
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S-Adenosylhomocysteine (AdoHcy) hydrolase catalyzes 
the reversible hydrolysis of AdoHcy to adenosine (Ado) and 
homocysteine (Hey) , playing an essential role in modulating the 
cellular Hey levels and regulating activities of a host of 



AUTHOR 



CORPORATE SOURCE: 



SOURCE : 



COUNTRY : 
DOCUMENT TYPE: 
FILE SEGMENT: 
LANGUAGE: 
SU14MARY LANGUAGE 
AB 



methyltransferases in eukaryotic cells. This enzyme exists in an 

open conformation (active site unoccupied) and a closed conformation 

(active site occupied with substrate or inhibitor) [Turner, M. A., Yang, 

X.,.Yin, D., Kuczera, K. , Borchardt, R. T., and Howell, P. L. (2000) Cell 

Biochem. Biophys. 33, 101-1251. To investigate the binding of 

natural substrates during catalysis, the computational doc)cing program 

AutoDock (with confirming calculations using CHARMM) was used to predict 

the binding modes of various substrates or inhibitors with the 

closed and open forms of AdoHcy hydrolase. The results have 

revealed that the interaction between a substrate and the open form of the 

enzyme is nonspecific, whereas the binding of the substrate in 

the closed form is highly specific with the adenine moiety of a substrate 

as the main recognition factor. Residues Thr57, Glu59, Glul56, GlnlSl, 

Lysl86, Aspl90, Met351, and His35 are involved in substrate 

binding, which is consistent with the crystal structure. His55 in 

the docked model appears to participate in the elimination of water from 

Ado through the interaction with the 5 '-OH group of Ado. In the same 

reaction, Aspl31 removes a proton from the 4' position of the substrate 

after the oxidation- reduction reaction in the enzyme. To identify the 

residues that bind the Hey moiety, AdoHcy was docked to the closed form of 

AdoHcy hydrolase. The Hey tail is predicted to interact with 

His55, Cys79, AsnSO, Aspl31, Aspl34, and Leu344 in a strained 

conformation, which may lower the reaction barrier and enhance the 

catalysis rate. 
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♦ABSTRACT IS AVAILABLE IN THE ALL AND lALL FORMATS* 

AB In mammals, S-adenosylhomocysteine hydrolase 

(AdoHcyase) is the only known enzyme to catalyze the breakdown of S- 
adenosylhomocysteine (AdoHcy) to homocysteine and 
adenosine. AdoHcy is the product of all adenosylmethionine 
(AdoMet) -dependent biological transmethylations. These reactions have a 
wide range of products, and are common in all facets of biometabolism. As 
a product inhibitor, elevated levels of AdoHcy suppress AdoMet -dependent 
transmethylations. Thus, AdoHcyase is a regulator of biological 
transmethylation in general. The three-dimensional structure of AdoHcyase 
complexed with reduced nicotinamide adenine dinucleotide phosphate (NADH) 
and the inhibitor (I'R, 2 '5, 3'R)-9- (2 • , 3 • -dihyroxycydopenten-l- 
yDadenine (DHCeA) was solved by a combination of the crystal lographic 
direct methods program, SnB, to determine the selenium atom 
substructure and by treating the multi wave length anomalous diffraction 
data as a special case of multiple isomorphous replacement. The enzyme 
architecture resembles that observed for NAD-dependent dehydrogenases, 
with the catalytic domain and the cof actor-binding domain each 
containing a modified Rossmann fold. The two domains form a deep active 
site cleft containing the cof actor and bound inhibitor molecule. A 
comparison of the inhibitor complex of the human enzyme and the structure 
of the rat enzyme, solved without inhibitor, suggests that a 17 degrees 
rigid body movement of the catalytic domain occurs upon 
inhibitor/ substrate binding. 
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SAH analogs, modified in the aminoacid region, inhibitors 
of phosphatidylethanolamine methylase activity and 3H-SAH 
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The study of phosphatidylethanolamine methylase inhibition by 10 
SAH analogs points out the importance of the L- 

homocysteine amino and carboxylic groups and the sulfur atom for 
the activity of SAH. Besides, the inhibition of 
phosphatidylethanolamine methylase by SAH analogs is 
correlated with their affinity for the 3H-SAH 
binding sites on the rat cortical membrane. 
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Potential inhibitors of S adenosylmethionine dependent 
methyltransf erases . 6. Structural modifications of S 
adenosylmethionine . 

Borchardt R.T.; Wu Y.S.; Huber J.A. ; Wycpalek A.F. 
Dept. Biochem., McCollum Lab., Univ. Kans . , Lawrence, Kans. 
66044, United States 

Journal of Medicinal Chemistry, (1976) 19/9 (1104-1110). 
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Journal 

03 7 Drug Literature Index 
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LANGUAGE : Eng 1 i sh 

AB Structural analogues of S adenosyl L methionine (SAM) , with 

modifications in the amino acid, sugar, or base portions of the molecule, 

have been synthesized and evaluated as either inhibitors and/or substrates 

for the enzymes catechol O methyl trsuisferase, phenyl ethanol amine 

N methyl transferase, histamine N methyltransf erase, 

and hydroxyindole O methyl transferase. To evaluate these 

analogues as substrates for SAM dependent methyltransf erases , 

the corresponding methyl 14C compounds were prepared and tested 

for their abilities to donate their methyl group to the 

appropriate acceptor molecules. In addition, the unlabeled SAM analogues 
were tested for their inhibitory activities in these same transmethylation 
reactions. In general, it could be concluded from these studies that 
methyl transferases show very strict specificity for the structural 
features of SAM. This strict specificity holds for the enzymatic 
binding and methyl donating abilities of this molecule. 
In fact, it could be concluded from the results of this study that 
methyltransferases show a higher specificity for the structural 
features of the substrate L SAM than for the structural features of the 
product S adenosyl L homocysteine (L SAH) . 
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